The demand for water has been increasing dramatically recently in domestic, industrial and agricultural sectors, due to economic development and population growth. Therefore, wastewater may be considered as a valuable water resource for some of the mentioned sectors. The main aim of this paper is to introduce a new method to determine the best applications of effluents. In order to achieve this goal, 60 monthly effluent water quality data, sample data fields which were collected and analyzed during the years 2013-2017 by the wastewater treatment plant of Arak city, Iran, were used. Two indices are developed and applied, which involved the entropy and fuzzy logic-based approaches. Six possible effluent applications were considered including industrial, artificial groundwater recharges, environmental purposes, irrigation usages for green spaces, oilseed and fodder production. The results showed that the quality of studied effluents has been improved during the five mentioned years. As in the last year, according to the indices, the effluents could be used for industrial, environmental, fodder production, oilseed production, and artificial groundwater recharge applications. Also, the fuzzy effluent quality index has produced larger values than the entropy index, such that their largest difference is equal to 32.9, and under similar conditions offered fewer possible applications.
INTRODUCTION
Urban population growth, industrial development and the sharp increase in water intake as well as water shortages, especially in hot and dry countries, caused the reuse of treated wastewater to be considered as an alternative source of water supply ( Jing et al. ) . On the other hand, it is well known that the effluents discharged from wastewater treatment plants (WWTPs) may constitute the most important point source of priority pollutants reaching the water bodies (Cabanillas et al. ) , so the quality of the effluent, management and also the protection must be considered (Mourhir et al. ) . So far, various indices in water resources assessment have widely been used. Moreover, indicators should be able to provide acceptable changes and values of the index in different regions. Most water quality indices have complexity and logic certainty (Mourhir et al. ) . Therefore, the determination of effluent quality indices is essential owing to the fact that it has a simple calculation, can be monitored, and the wastewater quality will continuously rise with time and its utilization will cost less. The classic water quality indicators (WQIs) are definite and inflexible and the categories do not represent uncertainty in the data and general information (Lermontov et al. ) . In order to compensate for this shortage, usage of fuzzy logic in water resources and all related problems is highly recommended (Araghinejad ). with the spatial autocorrelation of effective parameters of water quality. Using the entropy weighted WQI, they classified the groundwater quality into five categories: excellent, good, moderate, poor and extremely poor. According to the entropy weighted WQI, the groundwater quality of the study area can be classified into 'good' to 'poor' domains. 
MATERIALS AND METHODS
As mentioned above, the main aim of this paper is to determine the best application for the use of effluent. To achieve this goal, the usual application was investigated and initially six different types of the most common effluent applications including industrial, environmental, fodder production, The above-mentioned parameters were selected as the most significant parameters that can be used as inputs of the new developed indices, which were finally developed and applied involving entropy and fuzzy logic-based approaches in this paper. After the introduction of possible effluent applications and the selected parameters, the FEQI and the EEQI were calculated for all applications.
In the fuzzy effluent quality index, at the beginning for each parameter, the membership functions in each specified application were determined. These functions specify the usable range for each parameter in each application. Due to the large number of parameters, the fuzzy system becomes complex and in order to reduce the complexity of the fuzzy system, we classified the parameters using factor analysis which will be explained below. In this study, the fuzzy system has nine fuzzy inference systems (FISs) according to Figure 3 , the value of FIS9 determines the value of the FEQI. In EEQI, first the weight of the parameters was calculated using entropy and this index value was determined using the relation provided.
Eventually, according to the values of indices, the possible applications were sorted and the best one was selected.
The flowchart of this procedure is illustrated in Figure 1 .
Used data
For the purposes of this research, data were acquired from the monthly sampled effluents of Arak treatment plant, Markazi Province, Iran, from 2013 to 2017 ( Figure 2 illustrates the location of the study area). Table 1 shows the summary of statistics and quality parameters of the effluents. Presently, the effluent of this wastewater treatment plant is used mainly for agricultural purposes, i.e. irrigation uses.
The use of entropy in calculating EEQI
The Shannon entropy was first presented by Shannon in 1948 (Shannon ) . Generally, entropy is used to express uncertainty about an accidental process or the amount of the load of a parameter (Shyu et al. ) . On the other hand, entropy means disorder in physical science and it is an expression of pioneering information in communications and information science. In other words, mathematically, an inverse relationship exists between the amount of information and the probability of occurrences. If the occurrence of an event could be exactly predicted, the probability values will be major, and reciprocally, the Shannon entropy will be minor. Therefore, their weights are calculated by the amounts of uncertainties (anti-entropies) of those criteria For calculating EEQI, weight parameters were used to determine Equations (1)- (6) below. For 'm' effluent samples were taken to evaluate the effluent quality (i ¼ 1, 2, … , m), and for each sample having 'n' evaluated parameters (1)
The data were normalized using Equation (2) in order to remove the damaging effects of different units of the parameters:
After the normalization, the standard-grade matrix, Y, was obtained involving Equation (3) 
and the ratio of the index value of the jth index in the ith sample was equal to:
The amount of entropy of each category was also calculated using Equation (5) below. It is worth noting that the smaller the values of E j , the larger the effects of jth index:
Then the entropy weight can be calculated using Equation (6):
Then the quality-rating scale of each criterion can be calculated using Equation (7):
where C j is the concentration of each chemical parameter from all water samples (mg/L), and S j is the water quality standard of any parameter (mg/L).
The WQI method has been widely used in water quality assessments of groundwater and surface water, and it has played an increasingly important role in water resource management (Mirzabeygi et al. ) . In this research, the water quality index is calculated as explained by Abbasi & Abbasi (), as follows:
It should be mentioned that in the entropy method, judgments and personal opinion are removed regarding the weight of parameters. Eventually, the effluent quality index was prepared based on these weights and effluent quality standards.
In this paper, we proposed and used a summarized standard table (Table 2) Table 3 ).
Fuzzy inference system
Zadeh () presented the first concept of linguistic or fuzzy variables. One of the features of fuzzy logic is the incorporation of human knowledge and experiences and also using the 'if-then' rules that can be answered for any of the suitable system outputs according to the system input conditions. An FIS is based on these rules, as expressed below. In each rule, the part that implies the condition is called 'antecedent' and the result is the 
Development of the fuzzy effluent quality index
So far, various fuzzy models have been proposed by researchers to manage different purposes. Two of the most famous models are the Mamdani and Sugeno models. Due to its simplicity, reliability and suitability for environmental issues, the Mamdani fuzzy system is used in many water tests (Icaga ; Gharibi et al. ). In the current paper, the Mamdani fuzzy model has been used to classify the effluents to be allocated in different usages. To achieve this goal, 16 water quality parameters were considered to design and develop a fuzzy effluent quality system based on the Mamdani approach. In developing a fuzzy model, the variable amount of each membership function represents a degree of the membership and the effect of the amount is then definite in the outputs (for more details see Araghinejad ()). In this paper, the membership functions were designed for each possible application based on the standards which were explained earlier in Table 2 , using Equations (9) and (10) below. The functions with four values were recognized as the trapezoidal memberships and in the same way the functions with three values were related to triangular memberships and were designed using the following equations (see also Zadeh ): Trapezoidal membership function
In the next step, in order to determine the exact effect of each parameter or a set of parameters on the effluent quality index, the 'factor analysis' was used (Shyu et al. ) . The results of the factor analysis for nine parameters of Arak treatment plant data (2013-2017) are given in Table 4 . It is worth noting that the heavy metals and intestinal nematodes were divided into two separate categories because, basically, they have different characters. Moreover, as can be seen in Table 4 , more than 70% of qualitative changes in the effluent have been included by three of the following factors (see the variance row). The first factor with 27.3% of changes had the maximum role and the second factor with 23.8%
and then the third factor with 19.7% were the most effective factors on the quality of the effluents. According to Table 4 , the first factor parameters including TDS, pH and fecal coliform are important in all applications and the second factor including NO 3 , BOD 5 and PO 4 have quite important roles in the fields of artificial groundwater recharge, environmentally and agriculturally because they play an important role in soil structure. The third factor, which includes TSS, calcium, and magnesium, has a significant impact on industrial applications.
As shown in Figure 3 , FEQI consists of nine FIS (i.e.
Inf.1 to Inf.9). The first FIS includes the first factor and has 225 rules due to pH. In the same manner, the second and third FIS are created involving the second and third factors, respectively, and have 125 rules and an output.
The fourth and fifth FIS are comprised of heavy metal parameters, contained eight rules because these parameters have two membership functions and also a sixth FIS is defined only using one parameter and two rules. Finally, the fuzzy inference system provided the FEQI index. The profile of FEQI membership function is shown in Figure 4 , in the range of excellent, good, poor and so on. In the first to third FIS, for each parameter except pH, five membership functions were considered. pH has a special condition, because both small and large amounts of this parameter can create undesirable problems in water quality issues. Therefore, nine memberships were considered for those parameters. The heavy metal and intestinal nematode parameters were designed using two separate membership functions, because if their values exceeded a little more than the standard limit, the effluent would be considered as an unusable source. Each parameter has different standards according to the type of effluent application, therefore the membership functions for each parameter and the type of effluent application, due to special situations and the parameter standards, were different. In this paper, fuzzy inference systems were intended for all applications, e.g. membership functions for application of effluent in green space, and also some rules of this system are illustrated in Tables 5 and 6 , respectively.
It should be noted that in this paper MATLAB software, version 2014, was used to determine the weights of entropy and also in order to develop the fuzzy inference system.
RESULTS AND DISCUSSION
As shown in Table 5 , pH has nine membership functions and the average amounts of that are in the range of 6.75-9. It is worth noting that the smaller or larger amounts of the mentioned limit have negative effects on the water quality. Some of the rules which were used in developing FEQI, as an example for the green space application, are shown in Table 5 . Fleming et al. () explained that a major advantage of the fuzzy logic approach for constructing environmental indices, relative to conventional approaches based on weighted averages, is that the rules of a fuzzy expert system can be built of such good quality that having it in one parameter does not hide bad quality in another. For instance, according to Table 6, in the 75th rule, although the two parameters are in the range of excellent, the result is considered as good range. Also, as Table 8 . Figure 4 and Table 3 illustrate to the outputs of the entropy index, the effluents can be Table 8 and highlighted in Figure 5 . It can be concluded that three types of applications, including fodder production, irrigation of green spaces and industry, are top selections in most cases. Figure 9 shows the mean values of the six applications.
As can be seen from the figure, the quality of the studied effluents has improved during the past five years. As a conclusion, according to Figure 9 , FEQI has been larger than EEQI, because FEQI has always produced higher values than EEQI. In the year 2013, fecal coliform and phosphate were two parameters that had higher than fodder production standards. Therefore, the fuzzy index shows 105.93 values. So the use of this application was not approved. In this case, Lermontov et al. () stated that the fuzzy quality index is not dependent on particular parameters. The entropy index in this year is equal to 56.86 and the difference between these two indices shows that the fuzzy index is more sensitive than the entropy one.
In 2017, only fecal coliform exceeded the fodder production standards and the values of fuzzy and entropy indices were 50.07 and 42.13 respectively, which both proved the usage of the effluent and reflected that the effluent quality in the study period was improved and the indices were sensitive enough to the changes of different parameters as well.
CONCLUSIONS
The main aim of the current paper was to present a new method to specify the best applications of effluents 
